Neuronal potentialities in neuroepithelial cells of the chicken embryonic optic nerve were studied in culture by using neurofilament antibodies as neuronal markers. Embryonic day4 and -5 (E4 and ES) optic stalks were explanted in vitro. Within the first few days of culture, numerous morphologically identifiable neurons extending long neurites developed. These neurons and their processes were specifically labeled with neurofilament antibodies. Similar results were obtained by explanting only the medial portion ofE7 optic stalks away from possibly contaminating cerebral or retinal tissue. To determine whether neuronal potentialities persisted at later embryonic stages, cultures of dissociated optic stalks were established at Ell, E1S, and E18. Neurons labeled with the various neurofilament antibodies appeared in all cultures of Eli and E15 optic stalks. However, typical neurons could not be recognized in cultures of E18 optic nerves. These results indicate that cells with neuronal potentialities are present in the embryonic optic nerve from early stages of development and persist until at least E1S. Since the adult optic nerve is devoid of nerve cell bodies, our observations are consistent with the hypothesis that axons of retinal ganglion cells, which course through the optic stalk, repress neuronal potentialities within a subpopulation of precursor cells during normal development.
ABSTRACT
Neuronal potentialities in neuroepithelial cells of the chicken embryonic optic nerve were studied in culture by using neurofilament antibodies as neuronal markers. Embryonic day4 and -5 (E4 and ES) optic stalks were explanted in vitro. Within the first few days of culture, numerous morphologically identifiable neurons extending long neurites developed. These neurons and their processes were specifically labeled with neurofilament antibodies. Similar results were obtained by explanting only the medial portion ofE7 optic stalks away from possibly contaminating cerebral or retinal tissue. To determine whether neuronal potentialities persisted at later embryonic stages, cultures of dissociated optic stalks were established at Ell, E1S, and E18. Neurons labeled with the various neurofilament antibodies appeared in all cultures of Eli and E15 optic stalks. However, typical neurons could not be recognized in cultures of E18 optic nerves. These results indicate that cells with neuronal potentialities are present in the embryonic optic nerve from early stages of development and persist until at least E1S. Since the adult optic nerve is devoid of nerve cell bodies, our observations are consistent with the hypothesis that axons of retinal ganglion cells, which course through the optic stalk, repress neuronal potentialities within a subpopulation of precursor cells during normal development.
During the development of the vertebrate central nervous system (CNS), it remains to be determined how undifferentiated cells of the primitive CNS anlage are committed to a specific lineage, particularly, how neuronal and glial cell types are segregated. Whether precursor cells of the neural plate or neural tube are capable of giving rise indifferently to neurons and macroglial cells or are irreversibly committed to a given cell type is a matter of debate, despite various attempts to solve this problem (e.g., see refs. [1] [2] [3] [4] [5] [6] [7] .
A model system that can be used to address this question is the optic nerve. The optic nerve arises from the diencephalon, which, soon after neural tube closure, bulges bilaterally to form the optic vesicles. As the optic vesicle extends to contact the lateral ectoderm, the part of the neuroepithelium connecting the optic vesicle to the diencephalon narrows and forms the optic stalk, presumptive territory of the optic nerve. Thus, the optic stalk is merely a neuroepithelial extension of the diencephalon. However, the adult optic nerve, although totally devoid of nerve cell bodies, contains axons of retinal ganglion cells surrounded by several glial cell types, including fibrous astrocytes, protoplasmic astrocytes, and oligodendrocytes. Therefore, the question arises whether optic stalk neuroepithelial cells are committed from the onset to glial lineages or, at least for some time, have the potential to develop along the neuronal lineages.
Until now, developmental potentialities ofoptic nerve cells have been documented mostly in the perinatal rat. The elegant and thorough work of Raff (16) . Embryos were placed in sterile Tyrode solution. The optic nerve primordium was carefully dissected as follows ( Fig. 1) : a semicircular dorsal incision was made around the eyeball and the eyeball was then retracted to expose its posterior surface where the optic nerve emerges from the retina. Muscle and connective tissues were dissected away to expose the entire length of optic stalk until it penetrates the brain. Two transverse sections performed in the middle portion of the nerve-i.e., at some distance from the retina and diencephalon-allowed us to remove the optic stalk without contamination by other CNS tissue (Fig. 1 Inset) .
At stages ranging from 4 to 7 days of incubation, optic stalks were cultured as explants. At 4-well plastic dishes (Nunc) onto 16-mm glass coverslips coated with rat-tail collagen (Sigma).
The culture medium was Dulbecco's modified Eagle's medium supplemented with 10% (vol/vol) fetal calf serum (Flow Laboratories) and gentamicin (Sigma) (50 gg/ml).
Cultures were maintained at 370C in a humidified atmosphere of'5% C02/95% air. Cultures were fed every 3 days.
Antibodies. Antibodies used were as follows: NF70 (Sigma), a mouse monoclonal antibody specific for the light neurofilament (NF) subunit (Fig. 2 , lane a) used at a 1:20 dilution; NFT, a mouse monoclonal antibody recognizing the three NF subunits (Fig. 2, lane b) , kindly provided by D. Paulin (Institut Pasteur, Paris), used at a 1:400 dilution; RT97, a mouse monoclonal antibody recognizing predominantly the heavy NF subunit (17) (20, 21) and oligodendrocytes (22) . Glial fibrillary acidic protein immunoreactivity was present in E15 optic stalks cultured for 5 (38, 39 This working hypothesis should be tested in our model by using retinal ablation experiments in vivo and cocultures of optic stalk cells with various types of differentiated neurons.
